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Use of a surgeon-modified branched thoracic
endograft to preserve an aortorenal bypass during
treatment of an intercostal patch aneurysm
Jeffrey Jim, MD, Luis A. Sanchez, MD, and Brian G. Rubin, MD, St Louis, Mo
A 72-year-old man presented with thoracic pain. Nine years earlier, a descending aortic dissection with aneurysmal
degeneration had been treated by thoracoabdominal aortic graft placement with reimplantation of a visceral patch and an
intercostal patch. A separate left aortorenal bypass had also been performed with the bypass originating from the thoracic
portion of the graft. He now presents with a 7.2-cm intercostal patch aneurysm in the aortic segment containing the
origin of the patent aortorenal bypass. We present the use of a surgeon-modified branched thoracic endograft to salvage
an aortorenal bypass originating in a thoracic aneurysm after previous open thoracoabdominal aortic aneurysm repair.
(J Vasc Surg 2010;52:730-3.)During open repair of thoracoabdominal aortic aneu-
rysms (TAAAs), reimplantation of the intercostal arteries
has been reported to reduce the risk of spinal cord isch-
emia.1 However, development of an intercostal patch an-
eurysm is not an infrequent long-term complication of this
approach.2 We present a patient with a large intercostal
patch aneurysm with a patent aortorenal bypass graft orig-
inating in the aneurysmal aortic segment. Although both
open and endovascular options have been described for the
management of patch aneurysms, the need for preservation
of renal perfusion in this case presents an added chal-
lenge.2-4 The use of surgeon-modified, multibranched,
thoracoabdominal stent grafts was first reported almost 10
years ago.5 We now describe the use of a surgeon-modified
thoracic endograft to exclude the intercostal patch aneu-
rysmwhile salvaging the aortorenal bypass graft tomaintain
renal perfusion.
CASE REPORT
A 72-year-old male presented with persistent thoracic pain.
His medical history was significant for repair of an ascending aortic
dissection treated by an anterior approach in the distant past. Nine
years ago, a descending aortic dissection with aneurysmal degen-
eration was treated by open thoracoabdominal aortic graft place-
ment with reimplantation of a single large intercostal patch incorpo-
rating intercostal vessels fromT7-T11. A second patch containing the
orifices of the celiac, superior mesenteric, and right renal arteries was
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730implanted. A separate left aortorenal bypass was also performed orig-
inating from the thoracic portion of the graft. His medical history
was notable for hypertension, chronic obstructive pulmonary dis-
ease, congestive heart failure, and tobacco use. His baseline creat-
inine was1.0 mg/dL with equal renal function bilaterally. Com-
puted tomography angiography revealed interval development of a
7.2-cm intercostal patch aneurysm across from the origin of the
patent aortorenal bypass (Fig 1). The previously preserved inter-
costal arteries were thrombosed. In addition, he also had a visceral
patch aneurysm measuring 4.3 cm. After a thorough discussion of
the different surgical approaches, it was recommended to the
patient that the use of a surgeon-modified thoracic endograft was
the best approach for treatment of his intercostal patch aneurysm.
The surgical goals were to preserve the flow into the aortorenal
graft and eliminate the flow from the thoracoabdominal aneurysm
sac. It was elected to continue surveillance of the visceral patch
aneurysm.
A spinal drain was placed before induction of general anesthe-
sia. The patient was placed in the supine position. Arterial access
was obtained with surgical exposure of the right femoral and left
brachial arteries. Percutaneous left femoral arterial access was also
obtained. Intraoperative angiography demonstrated the intercos-
tal patch aneurysm with a patent left aortorenal bypass (Fig 2).
Through-and-through right femoral-left brachial wire access was
obtained and a 10F sheath was advanced from the brachial artery to
the proximal thoracic aorta. A branched endograft was fashioned
using a TX2 tapered proximal device (ZTEG-2P-34-157, Cook,
Bloomington, Ind) with a 3-cm-long, 7-mm-diameter Viabahn
stent graft (WL Gore, Scottsdale, Ariz) anastomosed to a fenestra-
tion created in the thoracic endograft (Fig 3). The proximal orifice
was marked with a radio-opaque wire. The modified device was
reconstrained into the original delivery system and delivered into
the thoracic aorta from the right femoral approach. The device was
deployed and the Viabahn branch was cannulated from the left arm
(Fig 4). An 8-cm-long, 10-mm-diameter Fluency covered stent
(Bard Peripheral Vascular, Tempe, Ariz) was deployed with a 2-cm
overlap with the Viabahn branch to bridge the gap and re-create
the aortorenal bypass. A 10-mm balloon was used to mold the
components. Angiography demonstrated excellent flow through
the proximal graft component and in the left renal artery. A TX2
ing the left kidney.
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36-77) were then placed without difficulty. All the components
were molded into position using a balloon. Completion angiogra-
phy demonstrated aneurysm exclusion, no endoleak, and widely
patent flow through the aortorenal bypass.
There were no intraoperative complications and his postoper-
ative course was unremarkable. His spinal drain was removed on
postoperative day 2. His serum creatinine remained at the baseline
level of 1.0 mg/dL. He was subsequently discharged home on
postoperative day 5. Follow-up computed tomography scans at 1
month and 3 months have demonstrated an excellent technical
result with exclusion of the aneurysm and patent aortorenal bypass
(Fig 5).
DISCUSSION
The management of intercostal arteries during open
repair of TAAAs remains unclear.1,6 Although there is no
consensus among aortic surgeons, the majority of centers
with expertise advocate reimplantation of the intercostal
arteries to reduce the risk of spinal cord ischemia. Whereas
Fig 2. Intraoperative angiogram confirmed the findings on com-
puted tomography (CT) scan. The patent aorto-left renal bypass is
noted (arrow).
Fig 3. Surgeon-modified branched thoracic endograft.Fig 1. Preoperative CT scan. A, Coronal view demonstrated
large intercostal patch aneurysm with patent aorta-left renal bypass
graft (arrow). B, Three-dimensional reconstruction with lateral
view of the patch aneurysm with patent aortorenal bypass supply-spinal cord protection is important, a potential drawback is
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tic cuff around the implanted intercostal arteries. The de-
velopment of an intercostal patch aneurysm is not an infre-
Fig 4. After deployment of the surgeon-modified thoracic en-
dograft, angiography confirmed cannulation of the aorto-left renal
bypass graft from the brachial approach.
Fig 5. Three-dimensional reconstruction of postoperative com-
puted tomography (CT) scan.quent long-term complication of this approach. In the onlyseries available to describe the incidence of intercostal patch
aneurysms, Kulik et al2 reported their series of 155 patients
over a 22-year period that underwent reimplantation of
patent intercostal arteries with a Carrel patch during open
TAAA repair. Of these, a total of 11 patients (7.1%) devel-
oped intercostal patch aneurysms (5.5 cm) requiring
intervention.
The treatment of intercostal patch aneurysms can be
quite challenging, as reoperative open aortic surgery is
associated with significant morbidity and mortality rates.3,4
Although minimally invasive, endovascular options can be
limited by problems at desired proximal and distal landing
zones.2 The unique aspect of this case was that our patient
had a patent aorto-left renal bypass originating from the
recurrent aneurysmal segment. Preservation of this critical
branch would not have been possible with commercially
available endografts. Although fenestrated and branched
endografts are available outside of the United States, their
use in this country is limited to only a few select clinical trial
centers.
Surgeon-modified endografts have been reported as po-
tential alternatives to treat the subset of patients in which the
complex anatomy of their aneurysms preclude the use of
commercially available endografts.7,8 The use of a surgeon-
modified, multibranched thoracoabdominal stent graft was
first published 9 years ago.5,9 Chuter et al9 described the
use of a 10-component system to treat a patient with a type
III TAAA who presented with a contained rupture of the
supraceliac segment. The patient initially tolerated the pro-
cedure but developed paraplegia on postoperative day 2. In
2002, Bleyn et al10 presented a similar case using a side-
branched modular endograft system to treat a patient with
an asymptomatic TAAA. Since that time, additional reports
have presented the use of surgeon-modified devices to treat
complex aortic aneurysms.7,11
Fenestrated and branched stent grafts can be one of the
most demanding endovascular procedures.11 Several major
requirements are necessary for successful outcomes: careful
patient selection, exact measurement and device construc-
tion, proper technical skills with endovascular grafting, and
visceral vessel catheterization and stent implantation
skills.12 The use of surgeon-modified devices should be
limited to those with medical comorbidities or hostile
anatomy that precludes safe open aortic repair. In this
patient, it was felt that reoperative open aortic surgery
would carry a prohibitive risk. Although the use of a
surgeon-modified branched endograft is technically chal-
lenging, our success suggests the utility of this approach in
selected cases for successful aneurysm exclusion while
maintaining patency of critical branch vessels.
CONCLUSION
We describe a unique case of an endovascular treatment
of an intercostal patch aneurysm and associated aortorenal
bypass after previous open TAAA repair. Patch aneurysms
are not an infrequent long-term complication of open
TAAA repair. As reoperative open aortic surgery is associ-
ated with a high rate of complications, treatment with an
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surgeon-modified branched thoracic endograft may be a
viable option when important vessels arise from the aneu-
rysmal segment. Although this approach is technically chal-
lenging, it can be used for successful aneurysm exclusion
while maintaining patency of critical branch vessels in se-
lected cases. Until branched endografts become commer-
cially available, surgeons may consider the use of modified
devices for anatomically suitable patients that are not can-
didates for other treatment alternatives.
REFERENCES
1. SafiHJ,Miller CC 3rd, Carr C, Iliopoulos DC,Dorsay DA, Baldwin JC.
Importance of intercostal artery reattachment during thoracoabdominal
aortic aneurysm repair. J Vasc Surg 1998;27:58-66; discussion 66-8.
2. Kulik A, Allen BT, Kouchoukos NT. Incidence and management of
intercostal patch aneurysms after repair of thoracoabdominal aortic
aneurysms. J Thorac Cardiovasc Surg 2009;138:352-8.
3. Etz CD, Zoli S, Kari FA, Mueller CS, Bodian CA, Di Luozzo G, et al.
Redo lateral thoracotomy for reoperative descending and thoracoab-
dominal aortic repair: a consecutive series of 60 patients. Ann Thorac
Surg 2009;88:758-66; discussion 767.
4. Tshomba Y, Bertoglio L, Marone EM, Melissano G, Chiesa R. Visceral
aortic patch aneurysm after thoracoabdominal aortic repair: conven-
tional vs hybrid treatment. J Vasc Surg 2008;48:1083-91.5. Chuter TA, Gordon RL, Reilly LM, Pak LK, Messina LM. Multi-
branched stent-graft for type III thoracoabdominal aortic aneurysm. J
Vasc Interv Radiol 2001;12:391-2.
6. Etz CD,Halstead JC, Spielvogel D, Shahani R, Lazala R, Homann TM,
et al. Thoracic and thoracoabdominal aneurysm repair: is reimplantation
of spinal cord arteries a waste of time? Ann Thorac Surg 2006;82:
1670-7.
7. Chuter TA. Fenestrated and branched stent-grafts for thoracoabdomi-
nal, pararenal and juxtarenal aortic aneurysm repair. Semin Vasc Surg
2007;20:90-6.
8. Uflacker R, Robison JD, Schonholz C, Ivancev K. Clinical experience
with a customized fenestrated endograft for juxtarenal abdominal aortic
aneurysm repair. J Vasc Interv Radiol 2006;17:1935-42.
9. Chuter TA, Gordon RL, Reilly LM, Goodman JD, Messina LM. An
endovascular system for thoracoabdominal aortic aneurysm repair. J
Endovasc Ther 2001;8:25-33.
10. Bleyn J, Schol F, Vanhandenhove I, Vercaeren P. Side-branched mod-
ular endograft system for thoracoabdominal aortic aneurysm repair. J
Endovasc Ther 2002;9:838-41.
11. Oderich GS, Ricotta JJ 2nd. Modified fenestrated stent grafts: device
design, modifications, implantation, and current applications. Perspect
Vasc Surg Endovasc Ther 2009;21:157-67.
12. Verhoeven EL, Prins TR, Tielliu IF, van den Dungen JJ, Zeebregts CJ,
Hulsebos RG, et al. Treatment of short-necked infrarenal aortic aneu-
rysms with fenestrated stent-grafts: short-term results. Eur J Vasc En-
dovasc Surg 2004;27:477-83.Submitted Feb 17, 2010; accepted Mar 24, 2010.
